The cytotoxicity of cationic peptides MCP-1 and MCP-2 isolated from rabbit alveolar macrophages was tested against two tumor cell lines of murine lymphosarcoma origin, RAW117-P and RAW117-HIO, and a normal mouse connective tissue fibroblast strain, ATCC CCLI. RAWI 17-H10 is a highly malignant mestastatic variant derived from the less malignant RAW1 17-P. Our results indicate that these peptides possess a cytotoxic activity against the tumor cells tested but not against the normal cells tested. At concentrations of 30 ,ug/ml, these peptides completely killed RAW1 17-H1O cells in suspension cultures, while inhibiting growth of RAW117-P for but a limited period of time, up to 48 h, after which growth resumed. RAW117-P cells were killed by concentrations of 40 ,ug/ml. These peptides showed little cytotoxicity for normal mouse connective tissue fibroblasts at concentrations of 40 ,ug/ml.
The cytotoxicity of cationic peptides MCP-1 and MCP-2 isolated from rabbit alveolar macrophages was tested against two tumor cell lines of murine lymphosarcoma origin, RAW117-P and RAW117-HIO, and a normal mouse connective tissue fibroblast strain, ATCC CCLI. RAWI 17-H10 is a highly malignant mestastatic variant derived from the less malignant RAW1 17-P. Our results indicate that these peptides possess a cytotoxic activity against the tumor cells tested but not against the normal cells tested. At concentrations of 30 ,ug/ml, these peptides completely killed RAW1 17-H1O cells in suspension cultures, while inhibiting growth of RAW117-P for but a limited period of time, up to 48 h, after which growth resumed. RAW117-P cells were killed by concentrations of 40 ,ug/ml. These peptides showed little cytotoxicity for normal mouse connective tissue fibroblasts at concentrations of 40 ,ug/ml.
Rabbit alveolar macrophages, activated in vivo with complete Freund adjuvant, contain two macrophage cationic peptides (MCP), MCP-1 and MCP-2 (15) . These two molecules are each single-chain polypeptides of 33 amino acids; both are rich in arginine and cystine. MCP-2 differs from MCP-1 only by substitution of leucine for arginine at residue 13 from the amino terminus (17) . These macrophage peptides are bactericidal against various gram-positive and gramnegative species at near-neutral pH and relatively low ionic strength (11) and are also highly active against such fungal species as Candidca albicans and Canidida parap.silo.sis (15) . They inhibit replication of herpes simplex virus and certain other viruses (R. I. Lehrer, T. Ganz, M. Sherman, and M. E. Selsted, in E. Pick, ed., Ly,nphoktines, in press).
In these studies, we tested the cytotoxic activities of these peptides on two tumor cell lines of Abelson leukemia virusinduced murine lymphosarcoma, RAW117-P and RAW117-H10, and to one line of normal mouse connective tissue fibroblasts (ATCC CCL1). RAW117-H10 is a highly malignant and metastatic line derived from the less malignant line RAW117-P by using an in vivo sequential selection method in BALB/c mice (6) . RAW117-H1O formed about 100 more liver tumor nodules per input cell than did the parent line, RAW117-P (6 (15) .
(iii) Electrophoresis. Slab gels (14 by 12 by 0.2 cm) with 15% acrylamide and a 1.5-cm stacking gel without the sample comb were prepared by using the Lehrer et al. modification (9) of the method of Reisfeld et al. (16) . Between 5 and 7.5 ml of sample was loaded onto each gel and mixed with 10% (vol/vol) glycerol and 0.001% (wt/vol) methyl green. Electrophoresis was conducted at room temperature with a running water cooling system by applying a current flow of 15 mA for two gels until the dye front had migrated to the bottom of the gel (approximately 18 h). The buffer system used was 3.12/c( beta-alanine (wt/vol) in 0.8% acetic acid (vol/vol). After electrophoresis, 1-cm slices were cut from each vertical edge and stained with 0.2%r Coomassie brilliant blue dissolved in a solution of 46.2% methanol and 7T acetic acid. Silver stain (13) was sometimes used to stain the gel. The peptides were located in two bands within 1 to 2 cm above the dye front. The gels were sliced horizontally, and the strips of gel containing these cationic peptides were pulverized and eluted twice for 16 h at room temperature with 20 ml each of distilled water. Eluates were passed through membrane filters (pore size, 0.22 nm; Millipore Corp., Bedford, Mass.) and stored at -20°C.
(iv) Protein determination. Protein content with bovine serum albumin as the standard was measured by the Bio-Rad procedure (4) .
Microbiological assay of peptides. Microbicidal activity was assessed by either the colony counting method (15) or the dye exclusion method (10) In a second biologic assay, each mouse was injected with 5,000 MCP-treated (5 days) RAW117-H1O cells through the tail vein. Mice were killed after 2 weeks by cervical dislocation and assayed for the formation of solid tumor nodules in liver or the increase in spleen weight by the procedure of Brunson and Nicolson (6) .
Effects of MCP on nonmalignant cells. Normal mouse connective tissue fibroblasts (ATCC CCL1) were purchased from the American Type Culture Collection and maintained in DMEM with 10% fetal bovine serum (7 
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RAW117-P cells. The RAW117-P population, however, was completely destroyed when the concentration of the peptides was increased to 40 p.g/ml ( Table 1) . The heat stability of these cationic peptides was tested by autoclaving them at 121°C for 40 min and then testing them for cytotoxic activity by the above protocol. Table 1 also shows the effect of the heated MCP at a concentration of 40 p.g/ml on RAW117-P cells and RAW117-H10 cells. At this concentration, the peptides killed both RAW117-P and RAW117-H1O cells and appeared to be intact after heat treatrhent.
Normal mouse connective tissue fibroblasts were minimally affected by 40 p.g of MCP per ml with 91% viability compared with 99% viability for the untreated cells (Table  1) .
To eliminate the possibility that any other constituents of the polyacrylamide gel in the area of the peptides were responsible for the cytotoxic activity, control gels were electrophoresed without protein and were eluted and assayed in exactly the same manner as above. No cytotoxic activity was observed in these control experiments.
The tumorigenicity of RAW117-H10 cells after treatment with MCP was tested by injecting treated cells into BALB/c mice (equivalent to 5,000 cells per mouse) and recording their survival time, the number of tumor nodules in the liver, and weight increase of the spleen (6). Table 2 shows the results of a host survival test used to monitor the tumorigenicity and malignancy of tumor cells. Remarkable differences in host survival rates were noted after the injection of 5,000 tumor cells into BALB/c mice. Of the mice that received RAW117-P cells, 83% were still alive 50 days after the injection, whereas animals inoculated with 5,000 cells of RAW117-H1O were all dead 16 days after injection, and all of the animals in this group died within a 2-day period. Although treatment of RAW117-H1O cells with MCP for 1 to 2 days delayed the death of the inoculated mice, only 16.7% of the mice survived for 27 days or longer. However, when RAW117-H1O cells were treated with the peptides for 5 days, all of the inoculated mice were still alive 50 days after the injection.
Results from further biologic assays (Table 3 ) also show that liver nodules were absent and spleen weights were hormal in animals injected with RAW117-H1O receiving 5-day MCP treatment, whereas tumor nodules and spleen weight increases were seen in animals injected with non-MCP-treated tumor cells. These results indicate that 5-day (2) , and the interaction of cytolytic protease and hydrogen peroxide, also produced by macrophages, is synergistic for tumor cell killing (1) . Several mononuclear phagocyte products reportedly damage tumor cells (3) . The cationic peptides reported add to the macrophage armamentarium for tumor cell destruction.
More studies are being undertaken in our laboratory to investigate the specificity and the in vivo effects of the cationic peptides, although these studies have been hampered by the low yield of peptides from rabbit macrophages.
